A technique is described for the intermittent collection of blood from the rat tail. By using commonly available equipment, blood samples can easily be obtained from rats without the need for anaesthesia. The development of this technique makes the rat more readily available as an animal model for repeated withdrawals of small blood samples for pharmacokinetic or bioavailability evaluations.
Summary
A technique is described for the intermittent collection of blood from the rat tail. By using commonly available equipment, blood samples can easily be obtained from rats without the need for anaesthesia. The development of this technique makes the rat more readily available as an animal model for repeated withdrawals of small blood samples for pharmacokinetic or bioavailability evaluations.
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Conventional techniques for taking small and large blood samples have been described by Stone (1954) , Grice (1964) , Moreland (1965) , Campbell et al. (1970) and Petty (1982) . Sufficient volumes of blood can be obtained by cardiac puncture, orbital sinus sampling or arterial sampling by use of a cannula. However, all these techniques require skill and are best performed with the use of anaesthetics. All of them have their limitation with regard to the frequency of sampling. In this paper we describe a simple method for restraining rats in order to obtain multiple blood samples from their tails without the need for anaesthesia and with minimal trauma. We also show what effects repeated blood sampling has on blood ' cell counts, haematocrit readings, reticulocyte counts and blood biochemical profiles.
Repeated and/or intermittent sampling of blood is often required for biomedical research. The animal model is frequently the laboratory rat. Sufficient blood for biochemical and haematological evaluations (3-5 ml) must be obtained routinely. Because of possible undesirable side effects, it is often necessary to avoid the use of anaesthetics.
Materials and methods
Restraining the rat and tail venopuncture Rats were individually restrained with commercial restrainers (Harvard Bioscience, Natick, MA) or by a restrainer constructed as shown in Fig. 1 . To obtain blood samples, a simple tourniquet, described by Minasian (1980) , was passed round the tail and tightened by gently withdrawing the plunger of the modified syringe. Tensioning and relaxation was accomplished by the operator's free hand holding the syringe. The tail veins became distended which facilitated the needle puncture. In addition, the veins could be distended by warming the rat with heat from a lamp or dipping the tail into warm water. Room temperature was maintained at 25°C.
Blood samples from the tail were obtained by a method modified from a previous report (Hurwitz, 1971) . Holding the tail in one hand, a heparinized 21 gauge, 1 inch hypodermic needle was inserted into the vessel in the midventral surface of the tail (Fig. 2) . Clot formation was common if needles were used that were not heparinized or treated with sodium ethylenediaminetetraacetic acid. A '" TOURNIQUET hypodermic needle with a clear polypropylene hub was used in order to enable the operator to observe the blood flow when the vein was punctured.
Blood was collected by bleeding the tail through the needle hub into a preheparinized test tube. Blood will flow out of the needle due to vessel pressure. When enough blood was collected (up to 5 ml), the needle was withdrawn and pressure was applied over the wound with gauze to stop the bleeding.
Repeated blood samples could be obtained by inserting a heparinized needle towards the base of the tail above the initial and subsequent insertions, i.e. the first of any sequential bleeds begins towards the tip of the Omaye, Skala, Gretz, Schaus & Wade tail, and subsequent samples are taken towards the base (towards the body).
Evaluation of the blood sampling
Male Sprague Dawley rats with initial weights of 120-150 g were used over a period of 16 weeks with unrestricted access to food and water. One group of rats (N = 6) were naIve to the tail puncture and had blood drawn only at the end of 16 weeks. The other group (N = 11)
were sampled once every 2 weeks throughout the study. Aliquots of whole heparinized blood were used to determine haematocrit values and reticulocyte counts. The remaining blood was used to separate plasma for ascorbic acid determination (Omaye, Turnbull & Sauberlich, 1979 ) and corticosterone measurements. Plasma corticosterone was determined by a radioassay (Radioassay Systems Laboratories, Carson City, CA). Both plasma ascorbic acid and corticosterone were monitored as indices of stress (Omaye, Tillotson & Sauberlich, 1982) .
At the end of 16 weeks all the rats were submitted for necropsy. Animals were anaesthetized with sodium pentobarbital and blood samples were obtained by cardiac puncture for complete blood counts; the animals were then exsanguinated.
Gross necropsies were performed and sections of liver, kidney, spleen, mesenteric lymph node and bone marrow were fixed in formalin.
Results
The groove in which the blood vessels lie is made visible after applying the tourniquet.
Blood vessels lie 2-3 mm under the surface of the skin. When blood appears in the hub of the needle samples can be obtained. Care must be taken to avoid pushing the needle through the vein. We have been successful in obtaining up to 5 ml of blood by using the procedure described here.
Haematocrit and reticulocyte counts are shown in Table 1 . There were no statistical differences between the two groups of rats. Plasma corticosterone and ascorbic acid levels of naive and bled rats are also summarized in Table 1 . Bleeding of the rats had no statistical effect on the two biochemical indices of stress in the two groups of rats. There is little stress or trauma in the technique which might confuse evaluation of studies. In addition, the procedure can be repeated several times in a day. No gross lesions were found in any of the animals.
Discussion
Many experimental studies require repeated or intermittent blood sampling from rats. In contrast with other procedures, this method does not require vacuum (Wright, 1970) or extensive cannulation surgery (Jacobs & Adriaenssens, 1970) . We feel that the method described has many advantages over other techniques and has applications to a variety of situations. Before development of the method for rat restraint, we found that bioavailability studies could be done by obtaining samples with the same venipuncture method when the rats were anaesthetized with methoxylfurane (Schaus et al., 1985; Omaye & Chow, 1984) . However, anaesthetics may affect the results. The method described and shown in Fig. 1 for rat restraint can preclude the complication of anaesthetics. No extensive cannulation or surgery is involved and therefore recovery or survival is excellent. The data obtained are reliable. The technique requires little technical knowledge. The samples can be obtained rapidly. By starting at the tip of the tail and moving proximally, multiple blood samples can be obtained from each animal. Obtaining multiple blood samples by this technique makes the method attractive to those interested in pharmacokinetic studies or assessment of bioavailability in the rat or other rodents that have tails.
There was no evidence that the bleeding schedule resulted In gross or microscopic lesions.
